INTRODUCTION
Severe combined immunodeficiency disease (SCID) represents a spectrum of disorders characterized by the inability to manifest normal cell-mediated and humoral immunity (Gelfand and Dosch, 1983) . The heterogeneity of the disease may be attributable to a number of abnormalities in the quantitative and qualitative differentiation and maturation of primary lymphoid stem cells (Gelfand and Dosch, 1983) . The majority of affected infants usually die before their first or second birthday, unless an immunologic reconstitution is successfully undergone. The majority of cases occur as isolated events, although there have been some reports of families that have autosomal recessive or X-linked inheritance (Gelfand and Dosch, 1983) . In this paper, we describe three SCID patients originating from a single family, representing X-linked inheritance by informative findings. Two of them received bone marrow transplantation (BMT) with successful immunologic reconstitution.
CASE REPORT
Patient 1. The BMT case history was previously reported elsewhere (Minegishi et al., 1985) . Briefly, a 6-month-old male patient (A.Y.), was initially referred to the Tohoku University Hospital because of refractory oral thrush, chronic cough, recurrent otitis media and failure to thrive in August, 1982. Two maternal uncles had died in their infancy, one of pneumonia and another of candidiasis. No thymic shadow, tonsils or lymph nodes were detected. The diagnosis of SCID with B cells was made on the basis of the following findings : a numerical deficiency of T lymphocytes, absence of in vitro transformation responses to phytohemagglutinin (PHA), concanavalin A (Con A), pokeweed mitogen (PWM) and allogeneic cells, anergy to candida, purified protein derivative (PPD) and streptokinase/streptodornase (SK/SD) skin tests, and profound hypogammaglobulinemia (Table 1) . Adenosine deaminase (ADA) and purine nucleoside phosphorylase (PNP) activities in red cells were normal. At the age of 5 months he had had a BCG vaccination without any local or systemic response. As previously reported elsewhere (Minegishi et al., 1985) he underwent HLAhaplotype mismatched BMT using soybean agglutinin-and sheep red blood cellfractionated maternal marrow, the engraftment being achieved without apparent graft-versus-host disease (GVHD). With immunological reconstitution the patient recovered from a BCG infection, which might have been caused by a BCG inoculation before his BMT. The patient is now in excellent health at 8 years posttransplantation.
Patient 2. On March 1, 1985, a 7-month-old male infant suspected to primary immunodeficiency disease was referred to our Hospital. He had been uneventfully delivered after a full-term pregnancy. An intractable skin rash on the cervical and perineal regions developed at the age of 2 months, persistent cough and stridor at 3 89 months and pneumonia at 7 months. Laboratory data on admission revealed profound hypogammaglobulinemia (Table 1 ) and a lack of lymphocytes reacting with monoclonal antibodies (MoAbs) to T-cell antigens. Proliferative responses to mitogens were absent. ADA and PNP activities in red cell were within normal limits. Four days after the admission he died of progressive pneumonia.
Patient 3. In January 1989, a 4-month-old male infant suspected of primary immunodeficiency disease was referred to our Hospital. He was born uneventfully at term, weighing 3,700 g. Since two months of age he had had intractable cough and stridor, associated with recurrent skin eruptions and brief episodes of diarrhea. He also had otitis media at 3 months and pneumonia at 4 months of age. No thymic shadow, tonsils or lymph nodes were detected. He had profound hypogammaglobulinemia (Table 1) . Immunologic examinations revealed the absence of T lymphocytes, and their failure to proliferate in responses to mitogens. ADA and PNP activities in red cells were within normal limits.
On January 20, 1989, he underwent HLA identical BMT from his healthy brother; a total of 5.25 x 109 nucleated donor marrow cells (7.83 x 108 cells per kg body weight) were infused intravenously. Cyclosporin A was used for GVHD prophylaxis. At one week post-grafting, the monilial diaper rash became more erythematous and there was an increased percentage of CD3-positive lymphocytes. Surface marker studies further showed an increase of CD4-and CD8-positive lymphocytes. Proliferative responses to mitogens were positive by two weeks posttransplantation. Significantly increased levels of serum IgM and IgG were found on day 250 and 290 post-transplantation, respectively. Natural killer (NK) activity, which was not detected on day 41, was detected on day 178 post-transplantation. The patient was discharged 10 weeks after BMT.
Immunophenotypie analyses. Surface antigens defined by MoAbs were analyzed by direct or indirect immunofluorescence as previously described (Minegishi et al., 1988) . MoAbs used and their antigen targets (cluster designation, CD, in parentheses) were as follows: T6(CD1), TII(CD2), OKT3(CD3), T4(CD4), Leu-I(CD5), Leu-9(CD7), T8(CDS), B4(CD19), BI(CD20), Leu-7(CD57), TCR-1 and HLA-DR. TCR-1 is a MoAbs specific for a T cell receptor c~//3 chain determinant (Spits et al., 1985) . MoAbs were obtained from the following sources: Leu series, TCR-1 and HLA-DR (Becton Dickinson, Mountain View, CA); T6, Tll, T4, T8, B1, and B4 (Coulter Immunology, Hialeah, FL); OKT3 (Ortho Pharmaceutical Corp., Raritan, N J). Surface membrane immunoglobulins (Ig) were detected with rabbit anti-human ,u-and a-chain sera conjugated with fluorescein isothiocyanate (Behringwerke, Marburg-Lahn) (Tsuchiya et al., 1980) .
The results of immunophenotypic analysis carried out with the use of various MoAbs are summarized in Table 1 . Three patients had very few cells reacting with MoAbs to T-cell antigens, but there was an increase in the number of B cells defined by surface Ig and MoAbs such as CD19 and CD20, although serum Ig levels were hardly detectable. The diagnosis of SCID with B cells was made in all three patients.
PEDIGREE ANALYSIS
The family pedigree of the patients with SCID is shown ig Fig. I . Because two maternal uncles of patient 1 (A.Y., IV/25) had died in their infancy, one (III/ 17) of pneumonia at 3 months of age and another (III/l 9) of generalized cnadidiasis Fig. 1 . Family pedigree. AY, patient 1; MG, patient 2; YO, patient 3. I, male with SCID; N, deceased child: SCID status unknown. Mother of patients 2 and 3 were siblings, and grandmothers of three SCID patients were also siblings. Their two male siblings (II/2 and II/10) and two maternal uncles (III/17 and III/19) of the patient l had died in infancy.
at 10 months of age, the underlying disease was suspected to be of X-linked inheritance. The mothers of patients 2 (M.G.) and 3 (Y.O.) were found to be siblings. In further quest of their family history, it was revealed that two other males (II/2 and II/10) who were siblings of the grandmothers of the patients reported in the present study had died in infancy (II/2 at 1 year of age and II/10 at 1 week of age) of unknown cause. No immunological problems have been discovered among the descendants of eight of the II siblings, patients clustering among the progeny of II/6 and II/7. Two other females (III/3 and III/14) died in their infancy of flulike infection and severe colitis, respectively, but they were reported to have had no history of recurrent infections before the last episodes. One male (III/7) had been drowned. These informative findings obtained from the family history suggested a genetic evidence for the disease.
DISCUSSION
SCID is a term used to describe a heterogeneous group of genetic disorders in which there are profound defects in both cellular and humoral immunity (Gelfand and Dosch, 1983) . Most patients with SCID have markedly reduced numbers of T cells, absent proliferative responses to mitogens, hypogammaglobulinemia, and heterogenous numbers of B cells, ranging from complete absence to increased proportions (Ammann and Hong, 1989; Rosen et al., 1986) . The immunological findings in three SCID patients reported here were characterized by a low number of T cells, absent mitogenic responses, hypogammaglobutinemia, the presence of B lymphocytes which had /~ and c~ heavy chains on their surface, and normal activities of ADA and PNP. These common features in the three patients may suggest a relationship to the genetic background of the pathogenesis of the disease.
When affected males outnumber females by a ratio of about 4:1, X-linked inheritance of the illness has been suggested. However, only 20-30~ of affected boys have a family history ofimmunodeficiency (Gelfand and Dosch, 1983) . Few Japanese SCID family pedigrees have been reported to our knowledge. We described three patients with SCID belonging to a large kindred. Two of them received BMT with immunological reconstitution. Another patient died of progressive pneumonia before BMT. Informative investigations revealed that in this kindred four male children 01/2, II/10, III/17, III/19) had died in their infancy, suggesting an X-linked inheritance of their illness. There were two females who died in their early childhood, but they had no history of severe infection before the episodes which led them to death. Collectively, the family reported in this paper is probably the largest kindred of SCID with X-linked inheritance in Japan.
Two of the patients underwent BMT with successful immunological reconstitution; one with HLA-haplotype mismatched marrow and another with HLAidentical marrow. These results confirm other reports that in addition to HLAidentical donors, haplo-identical parental donors offer aIlogeneic BMT as a curative Vol. 36, No. 2, 1991 therapy for children with lethal SCID (Reisner et al., 1983; Friedrich et al., 1984) .
Follow-up studies with this family may provide useful information for the understanding of gene defects that cause SCID. For the risks facing family members, besides therapeutic measures such as BMT, careful studies would be necessary, including prenatal diagnosis with the use of restriction fragment length polymorphisms linked to the gene for X-linked SCID, present on the proximal part of the long arm of the X chromosome (Puck et al., 1989; de Saint Basile et aI., 1987) .
